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INTRODUCTION 


The study of the mechanical application of fertilizers to cotton 
has been in progress in South Carolina for three years. Progress reports 


have been published on the 1929!) 2/ and 1930 (?) work, During 1929 
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___2/__ Italic numbers in parenthesis refer to literature cited, p. 
twenty-two representative fertilizer distributors were tested in both the 
field and laboratory. The field tests were made on two widely different 
types of soil. 

In 1930 experiments were conducted on three soil types. The in- 
fluences of the following factors on the germination and yield of the 
cotton were studied: phacement of the fertilizer with respect to the seed; 
rate of application; irregularity of distribution; and particle size of 
the fertilizer. One special machine simultaneously planting the seed 
and applying the fertilizer was used in order to insure the most uniform 
conditions possible throughout the experiments. 

These experiments were continued cooperatively during 19351 by the 
Clemson Agricultural College and Experiment Station, the National Ferti- 
lizer Association, and the Bureau of Chemistry and Soils and the Bureau 
of Agricultural Engineering of the United States Department of Agricul- 
ture, in South Carolina at the Pee Dee Experiment Station, Florence, on 
Norfolk very fine sandy loam; at the Sand Hill Experiment Station, Columbia, 
on Norfolk coarse sand; and at Clemson College, on Cecil sandy clay loam. 
The purpose of the study was to secure further fundamental information 
which would serve as a basis for the development of more efficient distrib+ 
uting machines and the recommendation of more effective and safer methods 


of fertilizer application at planting time for cotton. 
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Coker's Suyer Joven cotton sced of hich sernszination were used in the 
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squewhet accorcins to vhe anount of lené available. Descriptions of the 
placements are civen in the tables of results. 
several tests were mede in which the coverenre of the sced and the 
trentmont of the soil about the seed differee from those of the comparable 
standard tests. 
MXPURILGNTAL HACHING OND DQUIPREMT 
. Bpeciel combina-.ion plenter and fertilizer distributor wes built 
particularly to sect the recuironents of this oxperimental work which neces- 
gitvates ea machine havins greeter accuracy, more equimment, and wider ranges 
oF aéjustaents than micht seem feasible cz necessary Tor commercial machines. 
the seneral sicn of the muchine is shown in Fieure ll. 
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4, Burrowing shovel for placins the fertilizer; 0, bedding disks; 

G, Bécd snoc3 D, adjustabio wings to regulave death of planting; 
Fo dat cadena meagan 
#21 soil-vorki tools except the press whecl are held rigi¢cly to the frane. 
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is deposite. in the furrow, in orde- to :mintain a constant width and place- 
Ment or the fortilizer bend. the purpose of the beddin:s disks, 3, is to 
cover the fortilizer and throw an excess of soil in front of the seed shoe, C. 
Thus any deosressions are filled, which permits a constant relative height of 
the seed with resnec: to the fertilizer as woll as uniform covering of the 
seca. The laterel wings, D, attached to the seed shoe, lower the seed bea 
vo & constant heizht and thus not only rezulate the dopth of planting but 
also sure & uniform depth of planting, The press wheel, E, is of the 
open type anc is free to cxert constant pressure for covering the seed and 
for firmin:; the soil. 


figure & shows the manner of attachins and adjusting, both verti- 
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ficure 3.- NMowuntine on tool frame of sinzle-disk furrow openers 
with both lateral anc vertical adjustment for placins the ferti- 
lizer in-bands et each side of the seed. A, Sinsle-disk furrow 
_ Opencr 3, stirring shovel | 
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cally énd laterally, a »air of single disk 
the fertilizer in nerrow bands at the sides of the secd. The soil lying 
between the dicks in which the seed arc »nlented is not disturbed in normal 
operation. In certain tests, nowever, it seomed desirablo to make com- 
pirisons of seed plente: in disturbed and undisturbed soil. In this case, 
the shovel, D, wes attached to stir the soil in which the seed were plented. 
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ifjeure 4 shows the tools used for mixing the fertilizer with the soil 


igure 46= Arrangement of shevels on tool frame for mixing the fertilizer 
with the soi or belov the seed. A, Shovel for opening furrow in which fertilizer 
de aepositec; " and C, mixins shovels 
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extent. Fortilizer is not readily mixed with a damp soil. For that reason 
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ee ee et eee! tim ee ee ee SR eee Pee Beer Heese Sep weet Meee <5 ee Shee US te pe meceere a teens om ike - ow tee anes 


eisure 6.+ Vertilizer hopver heaa with four celivery openings auc 
2 ee Gerryercy Diatiet.s «5 iolivery blade vith slot adjustinent at outer 
end. 


of the delivery bledes tho whole dclivery can be diverted into one tube or 
aa eny Gesirec fractional serts. into tvo or mere tubes. 
Ilo rate of apolicasion differed more than about one per cent from 


that desired, Yhe vexrlation in rate of application: among the six rows 


s1 tests was apuroxiaately the same for all fertilizers, the 


— 


averace deviation beings .2 per cent. 


The fertilizers were distributed along the vow with a high degree 
as ad 


Of uniformity. the avorasec coofficient of variation as determined by the 


ribea in a previous sonore (1) was &.8 9er cent, based on one- 


LAYOUL OF TE EXP&SRT ENTS 
The project was orimerily a study of fertilizer placement, although 
the use of single and double stronrthfertilizers in the plecement tests 
atforcs e@ comperison of the two matericls. Determinations were mace on 
the movement and concentration of salts in the soil. che oriveria. upon 
which relative efficici.cies were based arc conecntiration of selts in the 
root zone, geriination ana yield, 


The various placements and treatments were arranged in single rows, 
~— 


ies 
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in different series. Six series were planted at the Pee Dee Station, six 
at the Sand Hill Station, and five at Clemson College. The rows were spaced 
4.0 feet apart. Each plat consisted of one row 124.5 feet long. Cbhser- 
vations were made on two 50-foot lengths in each row, 12; feet at each end 
being discarded. Thus, each germination and yield figure shown for the very 
fine sandy loam (Pee Dee Station) and the ccarse sand (Sand Hill Station) 
represents the average of 12 observations, while those shown for the sandy 
clay loam (Clemson College Station) represent an average of 10 observations. 

The order of the tests was arranged to avoid extremes differences in 
final stand of adjacent rows. Thus, significant differences in plant com- 
petition were largely eliminated. 

Five unfertilized checks were equally spaced throughout each series. 
In planting the seed for the unfertilized tests, different furrowing tools 
which were used to obtain fertilizer placements were mounted on the machine. 
This procedure seemed desirable since the soil about the seed is not dis- 
turbed to the same extent in obtaining the various fertilizer placements. 
If differences in the rapidity of germination occurred with the seed planted 
in firm soil and disturbed soil, they might account, in part, for the dif- 
ferences among fertilizer placements, particularly with respect to germina- 
tion. The soil treatment for each check is given in Table 3. 


The unfertilizer checks were arranged in such a manner that they did 


not lie adjacent to the same tests threughout the series of replicate plots. 
An unfertilized check was adjacent to only one plat of each test. The 


following example of 36 tests shows the location of checks, X, Y, and-z: 
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For Series A, Between tests 1 and 2 13 and 14 25 and 26 
. "  -B. Zand4 15 and 16 27 and 28 
i * ¢@ 5 and 6 17 and 18 29%and 30 
" " D, 7 and 8 19 and 20 OL amd 32 
n * os, fe) fe fe eh 21 and 2 35 and 34 
sa " ¥ 11 and 12 25 and 24 55 and 36 


This arrangement placed all tests on the same basis in regard to 


proximity to unfertilized rows. 
SOIL MOISTURE AND RAINFALL 


The soil moisture on various dates and the rainfall are given in 
Table 2. Daily rainfall records are shown only for the periods in which 
certain records were dependent largely on the amount and distribution of 
the rainfall. It will be observed that the total rainfall for the period 
of the experiment is below normal at each station. However, at all sta- 
tions the rainfall during the month of May, which largely includes the 
germination period, was considerably above normal but during June and Sep- 


tember the rainfall was exceptionally low. 


GERMINATION 
Attention has been called to the favorable moisture conditions dur- 
ing the germination period. Seed were planted on the very fine sandy loam 
having 9.0 per cent moisture on April 16 and 17. Good rains fell on the 


e20th, zend, 26d, and 27th. On the 246d of April 458 inches of Water fei 
in a dashing rain which greatly packed the soil. A number of plants were 


in the crook stage and most of these did not survive. . This rain was 
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followed by a rather prolonged period of cold weather which materially delayed 
and injured germination. Furthermore, an exceptionally large number of the 
plants died before the last stand count just prior to thinning. 

The 5.55 per cent moisture content of the coarse sand at time of plant- 
ing on April 21 and 23 was favorable for germination of the cotton seed. A 
@o00d rain fell on the 27th. Temperatures, possibly a little below normal 
immediately after planting, did not greatly retard germination. 

The moisture content of the sandy clay loam at time of planting on 
May 1 was also favorable for germination. A 0.9-inch rain fell immediately 
after planting. A 2.8 inch rain fell on the next day and heavy rains fol- 
lowed on May 5, 6, and 7. Cool weather which accompanied the heavy rains 
Slightly delayed germination. With 8 inches of rain falling during the week 
following planting, no injury to germination would be expected from fertilizer 
applied in any reasonable manner on this comparatively heavy soil. 

The treatment of the soil about the seed differs among the unfertilized 
checks to correspond to the treatment for representative fertilized tests. 
The germination for the unfertilized tests as measured by the number of plants 
appearing above ground is given in Table 3. he results are rather incon- 
sistent for the Norfolk very fine sandy loam, presumably due to the adverse 
weather and soil conditions during the germination period. For the coarse 
sand and sandy clay loam, stirring of the soil to a depth of 3 inches below 
the seed not only delayed germination but resulted in fower plants appearing 
above ground. There is some indication that planting the soed in Norfolk 
coarse sand undisturbed to a distance of either 1.5 or 3.5 inches to each side 


gave the most rapid germination and the largest number of plants. 
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“Placement 

The gormination as measured by the number of plants appearing above 
ground or come-up is shown for various placements of 800 pounds per acre of 
4-8-4 fertilizer in Table 4. The come-up counts on the very fine sandy 
loam and the coarse sand wore of tho same order and striking differences will 
be noted among the tests. Sorfaygovsinjury to gormination occurred on the 
sandy soils where the fertilizer was placed cither in a 1.75 or 3,5-inch band 
at a depth of 3 inches or less below the seed, the damage being particularly 
serious where the fertilizer was placed 1 inch below the seed. No deterrent 
effects on germination were noticeable with the fertilizer placed 4 inches 
below the seed. 

Comparison of tests Nes. 2 and 5 in which the soil. below the seed had 
been stirred shows no advantage of pressing the seed in the furrow and cover- 
ing with loose soil on the very fine sandy loam where heavy rains fell imme- 
diately after planting; hovever, on the coarse sand compacting the soil on 
which the seed were planted was a distinct advantage. 

On the sandy soils application of fertilizer in bands at the sides of 
the seed resulted in better germination than vihore applied in bands at the 
same depths directly below the sced. in fact, germination for the side 
placements was, in general, cqually as good as for the unfertilized checks. 
The stand and early growth of cotton where the fertilizer was applied in 
the Norfolk coarse sand at different depths directly below the seed and at 


the sides of the secd are shown in Figure 7. 


Figure 7.- Cotton planted April 23, photographed June 235 on Norfolk 
coarse sand, Columbia, S. C., 4-8-4 fortilizer applied at 800 pounds per acre 
in the following placements with respect to the secd: (a) In contact With seed; 
(b) in band 4 inches wide, 1 inch below; (ce) 2 inches below; (ad) 3 inches 
below; (e) 4 inches below the seed; and (f) in narrow bands at each side of 
the secd 3 inches below; (g) 2 inches belot7; (h) 1 inch below the level of 
the seed 
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The poorest stand with placcments at the sides of the seed was obtained where 
the fertilizer was applicd in bands 4 inches to the sides and 1 inch below 
the level of the scecd. ddivos with 14 in which the soil below the 
seed had not been stirred, it is apparent that under prevailing conditions 
pressing the seed in the furrow was of no advantage on the very fine sandy 
loam or the coarse sand. 

Placing of 1/8 or 1/4 of the application of 800 pounds per acre in 
contact with the seed and the remainder either in bands below or at the 
Sides of tho secd resulted in scrious injury to stand on the sandy soils. 
Least injury occurred in these partial contact placemcnts where 1/8 of the 
fertilizer was applicd with the secd and the remainder in bands 3g inches 
tO each side and 2 inches bclow the level of the sced. Placing the total 
fertilizer application in contact vith the seed resulted in very serious 
injury. 

Mixing of the fertilizer with the soil below the seed as accomplished 


in these tosts resulted in serious injury to germination and unsatisfactory 


Good stands were securcd with all placements uscd on the sandy clay 
loam, except where the fortilizer vas applied in contact with the seed. A 
marked delay in gormination ae where 1/8 or 1/4 of the fertilizer was 
applied in contact with the seed and the remainder either in bands at the 
sides of or in @ bend below the secd. Application of 1/4 as compared to 
1/8 of the fertilizer in contact with the secd and the romaindcr in bands 
3s inches to the sides and 2 inches bolow the level of the seed resulted 
in appearance of fever plants above ground, although the stand was not 


seriously affected in cithcr case. 
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Rate of Application 

On the sandy soils increasing the rate of application of 8-16-8 fer- 
tilizer from 200 to 400 and 600 pounds per acre, as shown in Table 5, resulted 
in a reduccd number of plants appcaring above ground where applicd in a 1,.75- 
inch band 2 inches belo the seed and where mixed with the soil. LOLs. 2S 
illustrated in Figure 6, A and B. Increase in rate of application showed 

Figure 8.- ~°Cotton planted April 16, photographed June 25;.:on-Norfolk 
Very fine sandy loam, Florence, S. C., S-16+8 fertilizer applied as rollows: 
A,.].75-ineh band 2 inches below the seed; (a) 200 pounds per acre; (b) 400 
pounds per cere; (c) 600 pounds por cere. B, iIMixcd with the soil below the 
seed; (a) 200 pounds per cere; (b) 400 pounds per cere; (ce) 600 pounds per 
etre, ©, Bands 3.5 inches to eneh side of and 2 inches below the Level of 


the seed: (a) 200 pounds per acre; (b) 400 pounds per ecre; (c) 600 pounds 
per acre 


no significant effect upon the number of plents where the fertilizer was 
epplicd in bands at the sides of the secd. (Fig. 8C) At all rates of appli- 
cation the germination wes mctcriclly bettor for the placement at the sides 
of the secd. 

No serious cffect on stand resulted from epplications of 8-16-8 fer- 
tilizer on the sendy clay Loam at any rate or placement uscd, although there 


was c. noticeable delay in germination and a slight reduction in number of 


plants where. the fertilizer was mixed with the soil at the heavier rates. 


SINGLE VERSUS DOUBLE STRENGTH FERTILIZSRS 
A comperison of the results for plecoments 2, 14 and 24 (Table 4) 
where 800 pounds per ecre of 4-8-4 fertilizer Were uscd, with results of 
corresponding placements of 400 pounds per acre of 8-16-83 fertilizer in 
Table 5, shows no significant differences in the numbcr of plants appecer- 
ine apove ground. Hovever, in some cases on the sandy soils more plants 


appeared where 400 pounds per acre of the 8-16-8 fortilizcr were epplicd. 
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MOVEMENTS OF SOLUBLE SALTS IN THE SOIL 

A knowledge of how much soluble fertilizcr remained where it was put 
ond how much come into contact vith the seed during the germination period 
are necessary to explain the effects of different placements on tho crop. 
The emount by which the concentretion of soluble salts in the seed zone 
of = fertilized row exceeds that of its unfertilized check may be used as 
a measure of the quentity of fertilizcor that has been moved from its orig- 
inal location into contect with the seed. Accordingly, the conecntrations 
of soluble salts in the secd zones vere determined several times soon after 
plenting for each treetmont. Later in the season indicctions of the cmount 
remaining where it wes pleeed and the distance to which some of it had spread 


were elso obtained. 


Method of Determining Movements 
Semples of soil were obtained for determinations of their soluble 
©1t contents in the following manner: A hole was dug in the row about 
four inches dcep and the side of the hole ct right engles to the row vas 
gradually cut awey with « spatule until a sced was exposed as shown in 


Figure 9, A cork-borer Wes then pushed into the row with the seed inside 


A ne ce ee OS aT ee ce ieee a Se 


Figure 9.—- Longitudinal section of « row shoving the method of 
teking samples for determinctions of the soluble selt in the sced zone 


of it “Ss illustreted. When the borer wes renoved it conteined a core of 
Soil one inch in diemeter ond 5 inches Long with several seeds at its center, 
This soil is here considered to be the secd zono. Four such cores were 
gethered for each sample, serecned through a 10 mesh sieve and thoroughly 
mixed. A 20 CG. Semple of the Tine scli was then pleeed in 2 350. ce. wide 


mouthed bottle, 100 cc. of distilled weter was added, the bottle was tight- 


ly closed and shaken ct intervals during 24 to 36 hours. The soluble salts 
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content of the solution was detormined with a Wheatsone bridge by the method 


(3) 
developed by the U. S. Bureeu of Soils. This mcthod was shown to give 
results sufficicntly accurate for the present purpose by making the same 


detcrminetion on a few semplos by a much longer but more accurate method and 


OQ 


comparing the result 


a 
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; PLACEMENT 

the results given in Tables 6 end 7 show cleerly that soluble salts 
were moved about rapidly in these soils. A fow of the results appoer to 
be out of linc, probably due to tekinzs semplcs ct points thet vere not 
representative for the rov. This was most likoly to happen in the ease of 
the mixed-with-the-soil pleccments beecuse the dcgrce of mixing was not 
uniform. This left more fertilizer near the sced at some points in the row 
then «et others. 

In most cases where the fertilizor had beon placed in bands 2 inches 
o¢ less belci the seed, or mixed with the soil, the quantity of salt in the 
seed zone wes significantly higher than those of the checks the dey after 
planting. In the Norfolk vory fine sandy loam a slight amount of salt was 
brought into contact with the seed from « depth of 4 inches during a single 
okab ae In both the fine sandy loam and coarse send the amount of selts in 
the seed zones increased repidly when the fortilizer head been placcd one or 
two inches bclow the sccd. No fertilizer was carried into contact with 
the secd from the bands epplied at the ordinary rate, 3s inches to both 
sides of the sced, so fer as observed. Very small amounts were moved into 
the seed zones, however, from bands placed 14 inchos to tho sides at «11 
depths tricd but this was less marked from < depth of 3 inches below that 
of the seed. Selts were moved much more slowly and for shorter distances 
to the sides than upward and downwerd. The quantity coming into contact 


with the seed diminished rapidly cs the distance increased from the sced 
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to the point where the fertilizer was placed, no matter whet its direction 
happened to be. 

The determinations for thc very fine sandy loem on April 20 were mede 
after a 0.50 inch rein Which appeared to carry downvwerd much of tho soluble 
maperial in this soil. Thus in most cases the quantities of salts in the 
seed zones for e dey or two were greatly reduced but where pert of the fer- 
tilizer was placed on the surfece of the soil the quantity was greatly in- 
crensed by the same cause. This soluble material began to rise again 
almost immediately as indicated by dotcrminctions on April 22 in Table 6.. 
The determinations made for this soil on April 30 and May 1 indicate that 


alts were being carricd upward at this time and probably had been moved in 


t 


this direction during most of the previous week. 
SO0il moisture in the coarse sand Wes maintained neor c level of 5 
per cont from planting time until Mey 12 by a succession of light rains With 
periods of ecpillery risc between than. This brought @bout a steady in- 
erease in the concontration of the selts in solution in the secd Zones 
where the fertilizor Was placed 1, 2, and 3 inehes below the sced and Where 
it Was mixed With the soil until « heavy rein on Moy 12 greatly docreased it. 
The first sct of determinations for the Cecil scndy clay loam Was 
meade 8 drys eftcr planting, during Which time over 8 inches of Yain foll. 
The quantities of soluble salts in the secd zones in the Cecil soil Were 


found to be very Low compared with the other soils. 


Rete of Application 
Although from Table 7 no salt appears to have been carricd into the 
secd zones from bands 34 inchos to tho sidcs of the sccd at normal or half 
normal rates of applicetion of 8-16-8 fertilizcor in any of the soils or at 


the one and one-half rete in the coersc sand and sendy cley loam, small 
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anounts were thus carried at the highest rate in the verv fine sandy loam. 
The vuantity from this placement at the highest rate was about the same as, 
or slightly less than, that from the 1.75-inch band placed 2 inches below 
the seed or the mixed-with-the-soil placement at the lowest rate. From 
the latter two placements the amount of salt brought into the seed zone 


increased rapidly with increases in the rate of application. 


Single Versus Double Strength Fertilizers 

The two fertilizers may be compared by the results given in Table 7 
for the double strength fertilizer with those for the same placements given 
in Table 6 for the 4-8-4 fertilizer. It appears that no salt was carried 
from placements 3:3; inches to the sides of the seed into contact with the 
seed where either fertilizer was used at the normal rate. In the ease of 
the other placements, salt was carried into the seed zone from applications 
of both fertilizers. In all of the soils the quantity was greater when 
the ordinary strength fertilizer was used. This may be due to the fact 
that 100 pounds of the 4-844 contained 37 pounds of soluble salts, while the 


equivalent amount of 8-16-8 contained only 32 pounds. 


Spread of Fertilizer Salts During the Growing Season 
The amount of soluble salts present 100 days after planting was deter- 
mined for various points extending from the surface of the soil to a depth 
of 15 inches in the row of plants and Be dia aye tance of the fertilizer band 
to points 5 inches to the sides of it. The placement selected was the 1.75- 
inch band located 2 inches below the seed. In general the results obtained 


with this placement should apply to most of the others in the same soil. 


Cores of soil were taken for each point by inserting a dane with the 
row and the soluble salt content of the composite sample was determined with 

the soil bridge in the manner previously described. Additional samples were 
then obtained in like mamnerfron snother plat for duplicate determinations. 
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Averages of these determinations are given in Table 8. 

The 4-8-4 fertilizer contained 38 per cent of water soluble salts. 
A core of soil taken from the contact placement was estimated to consist of 
9 parts of soil to 1 part of fertilizer. One day after planting such 
cores from the fine sandy loam and coarse sand contained 3.61 per cent and 
4.54 per cent of total soluble salts, respectively, and thus at this time 
practically all of the salts were still present in the fertilizer band in 
a water-soluble condition. After 15 days, however, this content had 
shrunk to about 1 per cent in each of the soils and after 100 days, as shown 
in Table 8, it had been reduced still further to about 0.3 per cent or 0.4 
per cent. Thus, after three months about 10 per cent of the water-soluble 
salts originally present was still located in the fertilizer band. The 
balance had either been rendered insoluble in water, had spread into the 
surrounding soil, had been leached out altogether, or had been removed by 
the plants. | 

In the coarse sand to a distance of five inches to the sides of the 
row and to a depth of at least fifteen inches below the surface, and prob- 
ably much deeper, the amounts of soluble salts were in excess of those 
found at similar points in the unfertilized rows. The evidence is clear 
that more salt was present also in the fine sandy loam surrounding the fer- 
tilizer bands than at corresponding points in the unfertilized rows but in 
this case for a distance of only three inches in each direction from the 
fertilizer band. In the sandy clay loam this distance from the point of 
application was even less. 

In order to gain an idea of the proportion of the water-soluble salts 
in the fertilizer application remaining in that condition in the row as a 
whole, the amounts by which the determinations shown in Table 8 exceed their 


appropriate checks were totaled and to this total was added interpolated 
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snOuncs Tor the interncdi#ete sotl. feo. vuneso calculetions it annecrs 
thet éb least ons-hols' of the watewsoluble fertilizer placed in the coarse 
Hand wee Still preseut sonevherc in the row in e wetex=soluhle condition. 
In the other soils, however, it is clear that a larse proportion of the 
fertilizer is no lonser presont in a veter soluble condition. 


Or the vwhree soils used, the coarse sand has the least capacity for 
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revert tin:: Leaching, but 
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hospneves, absorbing soluble salts and resisting 
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nevertheless at this time it conteined the larcesi quantity of veter-solublie 
SELbS.. The salts wors ulso much more widely dispersed throvzhout the row. 
Theretore it seems probable + 


1b considerable provortions o° the soluble 


Deer rendered imsoluble in water and 
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this fertilizer say be just as aveilablo to the nlant as before bub it 


WiLL no Longer move abouts ith tho soil moisture. 


CONCAINA TION OF TI. OIL SOLUTION 
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culwurcs in pote were ~ede unécr controlled ioistirre cand ton 


ies P 


moran Oey 
peratuce conditions to study the selt concentration of tho solutions in 

Gontact with cotton sced most favorable to sexzmination of seed and sroywth 
of youns olenis. tne resulte of thes pot experiments are) interestin: 


in connection with the concontration of fertilizer selts resultin:.: fron 


various placemonits of fertilizers in rolation to the seed in the field 


In the pot tests, under optimui conditions of moisture and tempera- 
ture, delinted Acela cotton seed zerminatod most rapidly and grew most 


vigorously, as shown in Pisure 10, when tho pure quartz sand wes moistened 
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Fissure 10.- Govton vlants crovwin:; in »vure quarts sand moistened 
to 45 per cent of its holding capacity with soil solutions of various 
concontrations. seen soil solution contained the sane proportions but 
the percentage of total salts wes cifferemi+ in ec&éch case as shom 
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to 45 per cent of its holding capacity with solutions containing between 


0.05 per cent and 0.2 per cent of soltble salts, which included balanced 
proportions of all the essential ions. The use of solutions containing 
less than 0.05 per cent or more than 0.2 per cent of salts resulted in 
progressively slower appearance of seedlings above ground and slower growth. 
No plants came up when a solution containing 3 per cent of fertilizer salts 
was used. These results obtained under controlled conditions check very 
well with the field results which therefore have greater significance than 
they otherwise would. The concentrations of the soil solutions in con- 
tact with the seed and roots of the small plants in the field are compared 
with the corresponding stand counts in Tables 9 and 10. The Lowest con- 
centrations found in the field were those of the soil solutions of the 
unfertilized rows and these already contained sufficient salts to insure 
rapid come-up. As the concentration increased the rate of appearance 

of seedlings at the surface decreased. The numbers obtained in the first 
germination count were reduced to one-half in each soil when the concen- 
tration approached 0.3 per cent. Germination was considerably delayed 
by concentrations between 0.3 per cent and 1.0 per cent, but tho final 
stand was nevertheless as good as that on the unfertilized plats where the 
concentration of soluble salts did not at any time exceed 1 per cent. 
Beyond this point the final stand was reduced. A few plants grew in con- 
tact with the soil solution temporarily containing 3 per cent of soluble 
salts. Growth appeared to be most rapid when the concentration was about 
Qee per cent. 


Seed and scedlings were examined from time to time during the first 
month after planting. On April 22 or six days after planting in the very 


fine sandy loam, seedlings were carefully removed from the soil. Between 
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20 and 25 were gathered for each of a number of placements of the ferti- 


lizer and typical plants are shoth in Figure ll. No signs of germination 
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Figure 1l.- Typical plants on April 22, or 6 days after planting, 
for various placements of 800 pounds por acre of 4-8-4 fortilizer in Norfolk 
very fine sandy loam. Left to right top row; no fertilizer, 1.75" band 
4" below seed, 1.75" band 3" below seed, 1.75" band 2" below (seed pressed 
into soil end covered loosely), 1.75" band 2" below, 1.75" band 1" below, 
3.5" band 1" below, Bottom row; 1.8th contact 7/8 34" to sides, 1/4th con- 
tact 3/4 sides, all contact, mixed with soil below seed, bands 14" to each y - 
Side 2" below level, bands 3)" to sides 2" below level. _ 


were observed in any of the seed found in contact with the full rate appli- 
cation. Very tiny roots (sec fig. 11) were found, however, on most of the 
seed in contact with one-fourth or one-cighth of the fertilizer application 
or at a rate of 100 to 200 lbs. per acre. Where the fertilizer was placed 
one and two inches below the seed, the plants were smaller than the check 
plants. The concentrations of the soil solutions in the seed zones two 
days earlier were 1.0 per cent and 1.4 per cent for the 1.75 and 3.5-inch 
bands placed 1 inch below the seed and 0.2 per cent and 0.28 per cent for 
those placed 2 inches below the seed. Where the fertilizer was located 
Se inches to the sides of the seed, the size and condition of the seedlings 
were about the same as those of the checks, which averaged 3 inches in 
length at this time. In all four cases where the fertilizer was placed 
4 inches to the sides of the seed and in the case of the 3.5-inch band 

4 inches bolow the secd, the plants were larger than the unfertilized ones. 
This was especially noticcable where the fertilizer was 1$ inches to the 
sides on a level one inch below that of the secd. In the latter case the 
plants were about 4 inches in length and the concentration-of salts in the 
soil solution on April 20 was 0.159 per cent. The plants about 3 inches 
in length were in contact at that time with soil solutions with concen- 


vravions of 0,08 per cent to O.1ll per cent. 
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Seedlings from the same plats were examined for a third time on 


May 4. Typical plants are shown in Figure 12. In no case where the 
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Figure 12.- Typical plants on May 4 or 18 days after planting for 
various placements of 800 pounds per acre of 4-8-4 fertilizer in Norfolk 
very fine sandy loam, Left to right top row; no fertilizer, 1.75" band 
4" below seed, 1.75" band 3" below seed, 1.75" band 2" below (seed pressed 
into soil and covered loosely), 1.75" band 2" below, 1.75" band 1" below, 
5-0" band 1" below. Bottom row; 1/8th contact 7/8 35" to sides, 1/4th 
contact 3/4 sides, all contact, mixed with soil below seed, bands 13" to 
gach side 2" below level, bands 35" to sides 2" below level ___ 


fertilizer was put below the seed in this soil were the plants, the roots 
of all of which wore now in contact with soil solutions of greater concen- 
tration than 1 per cent, as large on the average as the unfertilized checks. 
Those fertilized at the sides were larger. The check plants averaged 
5s inches, and those fortilized 14 and 34 inches to the sides about 7% and 
65 inches in length, respectively. The concentrations of the soil solu- 
tions in contact with the roots for these placcments appear to have been 
about 0.10 per cent, 0.30 per cent, and 0.15 per cent, respectively. 
Secdlings from the coarsc sand were cxaminced on April 28. At that 
time, 5 days after planting, tho check plants were 14 to 14 inches in length. 
None of those with fertilizer placed bclow the secd cither in narrow bands 
or mixcd with the soil were that large. Those with the fertilizer located 
35 inches to the sides of the seed at all lovels tricd and 14 inches to the 
sides at a level 3 inches bclow the sccd were about the same in size as the 
unfertilized plants. Those with bands 14 inches to the sides and ono inch 
below the secd level (soil solution concentration 1.21 per ecnt) were 
smaller than the checks (soil solution concentration 0.06 per cent) and those 


with the samc bands 14 inches to the sides and 2 inches below the seed level 


(soil solution concentration 0.09 per cent) were the largest of all, mcasur- 


ing 13 inches in longth on an avoragc. 
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ROOT SYSTEM 


Fertilizer should be placed where the roots can obtain the optimum 
amount of food throughout the season anc where it will not injure the root 
system. A numbcr of observations, made during the present study, have 
some bearing upon these points. 

Two weeks after planting, in the present experimonts, seed had ger- 
minated where the fertilizor was placed one inch below them but in the 
lighter soils few of the seedlings had pushed through the surface and most 
of them had shriveled root tips. A considcrable proportion of the plants 
resulting with placements of fertilizer tio inches below the seed or mixed 
with the soil also had shriveled root tips. One month after planting only 
a few of these plants were still living in the coarse sand and fine sandy 
loam although in the sandy clay loam no injury was observed from the same 
placements. Such dead plants as were examined clearly showed injury to 
the primary root and no lateral roots were visible. 

When the primary root cncountcred the fertilizer band at depths of 
three ané four inches below the secd zone in the lighter soils lateral roots 
had appeared and although the tip of the primary root was killcd many plants 
continucd to grow. Although secdlings from all of the placement tests 
werc examined the only case of injured roots obscrved in tho sandy clay loam 
was wherc 8-16-8 fortilizer at the rate of 600 pounds per acre was placcd 
2 inches below the secd. With this high rate of application, however, the 
end of the tap root of the majority of the secdlings was dead where it cn- 
countered the fertilizer zonc. These plants had plenty of latcral roots 
in a healthy condition and one month after planting appearcd to bc groving 


as vigorously as any of the other plants. 
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The above obscrvations sccm to show that if the concentration of 
soluble salts seriously injures the tap root before any laterals have 
developed, the plant dies. 

No injury to the roots was observed as a eee & oe side placements 
in any casc. Since during carly growth the devclopment of lateral roots 
is slow as compared with that of the tap root, it is unlikely that any 
latcral roots would reach the fortilizer band cvon at the 14 inches-to-the 
sides placoment until a network of othor roots was cstablished. 

Three months aftor planting a mass of root hairs had formed around 
the fertilizer band in a11 of the placements and in all of the soils. Regard- 
less of the position of the fertilizer, a mat of interlacing root hairs 
developed around that point. The large roots were distributed throughout 
the soil and sub-soil vithout any apparent reference to the position of 
the Tortiliazer. 

YIELD 

In considering the yiclds of secd cotton in Tablos 11 and 12, it 
should be borne in mind that the rainfall was bcolow normal for the scason 
and that carly adverse weather conditions for the very fine sandy loam and 
coarse sand not only caused injury to germination but causcd a large numbcr, 
of the young sccdlings to die. As indicatcd in the yield tables by the 
numbor of mature plants, the stand was excclicnt on the sandy clay loan, 
satisfactory in @ number of tests on the coarse sand, but rathor inferior 
on the vory fine sandy loam. For the tests having only a few mature plants 
per 50-foot row, attcntion has beon called to the scvere injury to germina- 


tion and obviously their yiclds necd not be discussod. 
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PLACEMENT 

On the Norfolk very fine sandy loam and the coarse sand, highest 
yields were obtained where the fertilizer was placcd to the sides of tho 
secd and where placed in a band 3 or more inches bolow the seed (sce Table 11). 
The side placement was slightly supcrior. There is some indication that 
fortilizcr placed in bands at the sides of the seed should be 2 or 3% inches 
below the level of the secd. The lower yields in all cases were accom- 
panied by poorer stands. On the Cecil sandy clay loam where good stands 
were secured in all cases excopt where the fortilizer was applied in con- 
tact with the sced, highest yiclds were obtained with the shallower place- 
ments. On this hcavy soil fertilizer applicd in bands bclow the sced 
resulted in higher yiclds than fertilizer epplied in bands at cach side 
of the seed. Mature cotton plants fertilized with 800 pounds per acre of 
4-8-4 fertilizor in a 1.75-inch band at various depths below the secd are 
shown, for the Norfolk very fine sandy loam, coarse sand, and Cccil sandy 


eley loom, in Figures 13, 14, and 15, respectively. 
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Figure 13.- Mature cotton plants on Norfolk very fine sandy loam 
fertilized with 800 pounds per acre of 4-8-4 mixture applied in a 1.75-inch 
band (a) 4 inches below the seed, (b) no fertilizer, (c) 3 inches below the 
secd; (dad) 2 inches below the sccd 


Figure 14. - Mature cotton plants on Norfolk coarse sand fertilized 
with 800 pounds per eccre of 4-8-4 mixture applied in a 1.75-inch band (a) 
4 inches below the soed, (b) 3 inches below tho seod, (c) 2 inches below 
the sced (seed pressed into furrow and covered with loose soil), (d) 2 inches 
below sced (normal plenting), (e) 1 inch bolow seed, (f) no fortilizer 


Figure 15,- Meture cotton plants on Cocil sandy cley loam fortilized 
with 800 pounds peor acre of 4-8-4 mixture applicd in a 1.75-inch band; (a) 


3 inches below the soed, (b) no fertilizer, (c) 2 inches below the sced, 

ie amen below the sced, (2) jin contocs with soe eee 
#polication of 1/8 or 1/4 of tho totel fertilizer in contact with 

the seed end the romainder cithcer in bands 2 inches or 3 inchcs below the 


seed or in bands 3$ inches to cach side of the sced usually resulted in 
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reduced yields as compered to yiclds obtainod where all of the fertilizer 
was applicd in the corresponding placements some distaneo from the scecd. 

On the Norfolk coarse -send somo inereese in yicld wes obtained where 1/8 

of the fortilizer wes %pplicd in contact with the sced but application of 

1/4 of the totel fertilizer in contact with the seod resulted in reduced 

yicld. 

Mixing the fortilizor with the soil did not result in inereescd 
yield. There is an indication that tho opportunity to plant sced on 
firm soil is one of the advanteges of application of fertilizor at the 
sides of the sced. Reduction in yicld followed where tho band of soil 
below the sced, which normally would be undisturbed when fertilizer is 
applicd at the sides of the seed, was stirred just before the seed were 
planted. Some inerease in yicld was obtaincd where the socd were pressed 


in the furrow and covered with Loose soil. 


RATE OF APPLICATION 

The application of 8-16-8 fertilizer at 200, 400 and 600 pounds per 
acre, as shown in Table 12, gave the highest yield for each rate on the 
sandy clay loam soil then tho fertilizer was placcd 3.5 inches to each side 
of and 2 inches below the level of tho seed. The samc was truc on the 
_ sandy soils for 400 and 600 pounds per acre. However, at 200 pounds pcr 
acre on the sandy soils, mixing the fertilizer with the soil was slightly 
superior to and the 1.75-inch band 2 inches below the seed was equally as 
good as the side placoment. 

Failure to secure full benefit from increased ratc of application 
of fertilizer duc to method of application is indicated in Table lé. On 
the sandy soils increasing tho rate of application of 8-16-8 fertilizer 


from 200 to 400 and 600 pounds per acre resulted in reduced yiclds where 
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the fertilizer was applied in bands 1% inches wide and 2 inches below the 
seed or where the fertilizer vas mixed with the soil. Poor stands with 
the higher rates of fortilization where these placements were used was the 
principal cause of the reduced yields. Where the fertilizer was applied 
in bands at the sides of the seed, increasing the rate to 400 pounds per 
acre resulted in increased yield but further increase in rate of application 
gave no further increase in yield. 

On the Cecil sandy clay loam the three placements at the same rate 


of epplication produced approximately the same yields. 


Single Versus Double Strength Fertilizers 
Yields (Tables 11 and 12) obtained with corresponding placements 
where 800 pounds per acre of 4-8-4 and 400 pounds per acre of 8-16-8 ferti- 


lizer were used showed no significant differences. 


SUMMARY 

This paper is the third of a series presenting results of studies on 
methods of applying fertilizers to cotton in South Carolina. 

Under the conditions prevailing in 1931, applications of 800 pounds 
per acre of 4-8-4 fertilizer drilled either in bands 1.5 or more inches to 
each side or 4 inches directly below the seed had no apparent injurious 
effects on germination. 

On Cecil sandy clay loam appearance of seedlings vas greatly delayed 
and the final stand was scriously reduced only when all the fertilizer was 
placed in contact with the seed but on Norfolk coarse sand and Norfolk very 
fine sandy loam this occurred also when the fertilizer was placed below oy 
either in bands at depths of three inches or less or then mixec with the 
soil and when 1/8 or 1/4 of the fertilizer was placed in contact with the 
secd. 
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Movements of solublo selts in the sandy soils from the original 
position of the fertilizer into the seed zone during the germination pe- 
riod were insignificant from placements at the sides but scrious from plaee- 
ments directly below the secd,. The degree of delay or injury to gormina- 
tion bore a close relationship to the amount of soluble salt carricd into 
contact with the secd. 

Secdlings came up most rapidly when the method of application pros 
duced a soil solution in contact with the seed containing between 0.05 and 
0.2 per cent of soluble salts. When the placement produced a soil solu- 
tion in contact with the seed containing from 0.3 to 1.0 per cent of salts, 
germination wes progressively delayed and when the solution contained 3.0 
per cent or more no plants came up. 

The distance to which soluble salts sprend from the point of appli- 
cation Was greatcr in the coarse sand than in the sandy clay loam. 

The highest yiclds were obtained with side placcments on the sandy 
soils but on the clay loam with heavy rainfall during the germination pe- 
riod the highest yields were obtained with bands placed 1 inch below the 
seed elthough good yiclds were <lso produccd vith side placements in this 
SOi4. « 

There was no advantage of cither mixing the normal amount of ferti- 
lize with the soil as accomplished in those tests or placing 1/8 or 1/4 
of the application in contact with the seed and the balance at the sides 
or below the sced. 

Hquivalcont amounts of the 4-8-4 and 8-16-8 fortilizers produced 
similar results. 

* On the sendy cley loam where finel stand was good, inereasing the 
rete of application of the S-16-8 fertilizor from 200 to 400 and 600 pounds 


per acre gave inercased yiclds for the three representative placements but 
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f On the very fine sandy loam and coarse sand increased yields were obtained 
only when the fertilizer was placed in bands 3.5 inches to each side and 
2 inches below the level of the seed. Due to the reduction in stand at 


the higher rates, placements below the seed and mixed with the soil on the 





sandy soils gave reduced yields. 
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